Abstract A cross-sectional study was conducted to determine sero-prevalence of Peste des Petits Ruminants (PPR) among goat population of outbreak suspected areas; Kaski and Syangja districts of Nepal. A total of 460 goat serum samples were tested by using c-ELISA for the presence of antibodies against PPR. Out of the 460 samples tested, 380 samples were found positive, giving overall sero-positivity of 82.60%. Significantly higher seroprevalence was found (*P \ 0.05) in females (87.50%) compared to males (70.45%) and crossbreed goats were found highly susceptible than the pure breed goats (*P \ 0.05). Likewise, higher sero-prevalence of PPR was observed in adults and cross breed goats compared to their counterparts and significantly higher sero-prevalence was observed in Syangja district compared to Kaski. Thus, adults, females and cross-breeds populations of goats are at higher risk of PPR whereas geographically, goat population of Syangja district were found significantly prone to PPR. Appropriate control measures, such as ring vaccination can be followed to prevent the potential outbreak situation.
Introduction
Peste des Petits Ruminants (PPR) also known as ''goat plague'', is a contagious trans-boundary viral disease of both domestic and wild small ruminants which was first reported from Cote-d'Ivoire in 1942 [7] . The causative agent of PPR is Peste des Petits Ruminants virus (PPRV) belongs to the genus morbillivirus and family Paramyxoviridae. This virus can be categorized into four distinct lineages (I, II, III and IV) based on fusion (F) and nucleoprotein (N) gene sequencing [16] . PPR has been a constant threat to small ruminant farmers of Asia, Middle East and Africa since its first identification [11] . The challenge has been more intensified due to its highly destructive nature and constant emergence across the newer part of the world [12] . Therefore, the Food and Agriculture Organization (FAO) and World Organization for Animal Health (OIE) have declared 2030 target for PPR eradication from the world [27] . The morbidity and mortality of PPR is reported to go up to 100 and 90%, respectively, and sometimes in endemic area the mortality may be as low as 20% (http://www.fao.org/tempref/docrep/fao/003/X1703E/ X1703E00.PDF.) [20] . According to FAO, 62.5% of the total global domestic small ruminants are at risk of PPR infection and it imposes significantly negative impact on country's economy as an aftermath of outbreak situation, for this reason it has been enlisted as one of the prioritized disease of FAO Emergency Preventive System (EMPRES) program (http://www.fao.org/ag/againfo/resources/docu ments/AH/PPR_flyer.pdf.) [19] . Though commercial serodiagnosis ELISA kits with high specificity and sensitivity are available in the market [9] , the utility of these diagnostic procedures have been limited by their inability to distinguish between infected and vaccinated condition [32] . In this connection, a vaccine inducing equal level of immunity that can be distinguished from infected population could be a very good asset in PPR eradication program [32] . The PPR virus circulating in different countries of Asia i.e. Nepal, India, Bhutan, China, Iran, Iraq, Israel, Kuwait, Bangladesh, Pakistan, Saudi Arabia, Tajikistan, Turkey is of lineage (IV) [32] however, the F and N gene sequencing based study has shown that the virus found in Nepal, India and Bangladesh is more closely related than virus found in rest of the countries [16] .
In Nepal, first time PPR outbreak was reported in 1995 [11, 16] from the Dhanusha, Mahottari, Bara, Sarlahi, Rauthat and Gorkha districts [21] and to the date 68 districts of Nepal have reported the PPR outbreaks covering all eco-zones and developmental regions [17] . A study done by Regional Agricultural Research Station (Goats), Bandipur under the National Agriculture Research Council in Syangja and one other district has reported PPR as the major infectious disease of goats and recorded 33.48% mortality [22] . In this study, investigative efforts were made to determine sero-prevalence of PPR in unvaccinated goat population of Syangja and Kaski districts and associated risk factors. 
Material and methods

Study site
Study design
Across-sectional study design was used with purposive sampling in the outbreak suspected villages within the Kaski and Syangja Districts. The sampling areas were picked up by using the records of Regional Veterinary Laboratory (RVL) in association with District Livestock Services Office (DLSO) Kaski, and DLSO Syangja. Because of unavailability of complete list of animals within each village, animals were selected randomly for blood collection and blood collection was performed by researchers themselves.
Sample size calculation
The total goat population in Kaski and Syangja as stated in statistical yearbook, 2014 were 1, 05,553 and 1, 84,828, respectively. The sample size was calculated according to Daniel formula [15] which is further supported by Naing et al. [29] in which the use of 50% prevalence is suggested if the exact prevalence is unknown or ranging from 10 to 90%. According to the available literatures on prevalence of PPR in unvaccinated goat population of neighboring countries, it was found to be approximately equal to 50% thus, we calculated the sample size assuming 50% prevalence [15] :
where n = sample size; Z = 95% level of confidence in Z statistics (Z = 1.96); P = expected level of prevalence (i.e. P = 0.5); d = precision (d = 0.05). The calculated sample size was 385; however, researchers have managed to take 460 samples to optimize the power of the test.
Sample collection
Samples were collected from Dhobadi, Sworek, Kafaldada and Chhangchhangdi VDCs of Syangja and Astham, Dharapani and Deorali VDCs of Kaski district over the duration of four months beginning from 1st September to 31st, December 2016. The blood was collected from Jugular veins using sterile 5 ml syringe and was kept undisturbed in the same syringe with the needle holding end positioned down until the clot was fully separated from the serum. The serum samples were then centrifuged to remove any blood cells left and stored in a freezer at -20°C until laboratory analysis was done. 
Serological analysis
Serum samples were analyzed by using competitive enzyme linked immunosorbent assay (c-ELISA) kit, ID ScreenÓ PPR Competition, which was manufactured by ID.vet innovative diagnostics, 310, rue Louis Pasteur, 34790 Grabels, France. This diagnostic kit was used for the detection of antibodies directed against the PPRV nucleoprotein to calculate apparent prevalence (AP). The entire assay was performed as per the manufacturer's manual. True prevalence was calculated using Rogan and Gladen formula as follows:
where AP is apparent prevalence and Sp and Se are test kit specificity and sensitivity, respectively. According to the manufacturer's manual, the ID Screen Ó PPR Competition c-ELISA kit has an average diagnostic specificity and relative sensitivity of 97.98 and 93.95% respectively. Although, the virus isolation is a gold standard for PPR diagnosis, virus neutralization test is considered to be an equal alternative for practical purposes.
Questionnaire survey
A questionnaire survey was conducted in the study area pertaining to risk factors of PPR in goats. Information related to age, sex, breed, geographical location and vaccination status were asked to respective farmers from where samples were collected.
Statistical analysis
The data entry and analysis were done using MS-Excel 2013 and SPSS Version 16. Univariate analysis by using Chi square test and Post hoc test LSD (least significance difference) were done to find out significant association between potential risk factors.
Results and discussion Findings
The overall sero-prevalence of PPR was found to be 82.60% and the calculated true sero-prevalence was 87.65% with an average specificity and relative sensitivity of the test kit 97.98 and 93.95% respectively. The sex wise distribution of sero-prevalence of PPR among goat shows, 70.45% sero-positive in males and 87.50% seropositive in females (Fig. 3a) . The sero-prevalence of female was found to be statistically significantly (*P \ 0.05) higher than the sero-prevalence of male with an odd ratio of 0.341 indicating the higher risk of PPR among females than males by 0.341 times. Within age groups; sucklers (1-3 months) were found to be 69.86% sero-positive, young (4-12 months) were found to be 79.72% sero-positive and adults ([ 12 months) were found to be 95.90% sero-positive. These observations indicate a statistically significant association (*P \ 0.05) of age groups with PPR occurrence in adults followed by young and sucklers, respectively ( Fig. 3b and Table 1 ). The breed was found to Cross-sectional sero-prevalence study of PPR in goats of Syangja and Kaski districts of Nepal be significantly (*P \ 0.05) associated with sero-prevalence of PPR; in which crossbreed goats showed the highest (90.62%) sero-prevalence of PPR followed by pure breeds; Khari (85.19%), Jamunapari (74.35%) and Sannen (73.91%) ( Fig. 3c and Table 2 ). The location wise seroprevalence was found to be higher in Syangja district than in Kaski district which was statistically highly significant (***P \ 0.000) with an odd ratio 6.474 showing risk of PPR disease occurrence in Syangja is 6.474 times higher than in Kaski district ( Fig. 3d and Table 3 ).
Overall prevalence of PPR compared to neighboring countries
The overall sero-prevalence 82.60% resulted in this study is in close approximation with the result of studies done in Nigerian goat population where they have reported 75% [18] and 73.8% [13] sero-prevalence of PPR. Similarly, a study to scan sero-prevalence status of PPR virus throughout Turkey has reported highest prevalence (82%) among goat on flock basis in Sakarya province [31] . The [19] . Likewise, a published report on prevalence of PPR in goat population of China has reported 34.5% sero-prevalence in Tibet [35] which is the adjoining part of People's Republic of China bordering to Nepal. The differences in seroprevalence rate of PPR among different contiguous areas might be due to differences in geographical location, agroclimatic conditions, type of diagnostic test applied and sampling methods. On the other hand, the higher seroprevalence might be due to higher population density of domestic and wild animals using common grazing/browsing and watering ground. Researches have shown that PPR prevalence is strongly associated with the climatic conditions like high rainfall and high wind speed [33] . Furthermore, both of the research districts are located on windward site of Annapurna range which is reported to be wettest part of Nepal with average annual precipitation more than 5400 mm; in which Kaski experiences highest rainfall occurrence out of entire country (http://www.dhm. gov.np/uploads/climatic/47171194ClimateandClimaticvar iabilityofNepal-2015.pdf.) [21] . Similarly, porous border and unrestricted animal movement within the country during festive seasons (August to October) may also aid in increasing sero-prevalence. Also, there are reports of PPR outbreaks occurring most commonly during wet season i.e. April to October [8] and it was the sampling period of this study. Studies have suggested goats are more severely affected species by PPR virus resulting into low level of serum antibody and death while sheep manage to recover [24] , since the research site also has significant number of sheep, cattle and buffalo which may be the source of PPR infection to goats. Moreover, there are several reports showing natural infection of PPR in cattle, buffalo [4, 24] which also increases the chance of transmission of PPRV from sub-clinically infected cattle and buffalo [9] to small ruminants due to shed sharing practices [4] that is common in the research site. Additionally, not all farmers of the NS non-significant *P \ 0.05; ***P \ 0.001
Cross-sectional sero-prevalence study of PPR in goats of Syangja and Kaski districts of Nepal research site are well educated and keep record of every vaccination they did with their animals. All the information obtained by researchers during the survey are memory based therefore, there might exist chance of considering vaccinated animal as an unvaccinated one, which may be a reason for increased sero-prevalence rate to some extent.
Host associated risk factors
The statistically significantly higher sero-prevalence of PPR among female goat observed in this study is in agreement with the findings of several other studies around the globe [1, 2, 3, 13, 25, 30, 33] . However, the result of this study contrasts to the findings of a study done in India [26] and Bangladesh [34] . The higher sero-prevalence found in females may be due to the livestock breeding pattern of Nepalese farmers in which females are kept longer for reproduction while most of the males are castrated and sold for meat purpose. The longer the females are kept for herd maintenance the more chances of exposure to the environment they get may result into more seroprevalence. The higher prevalence among adults, followed by young and then sucklers obtained as a result of this study is in concordance with other studies [1, 26, 33] reporting decreasing sero-prevalence rate as the age decreases and it is because greater probability of older animals to be exposed to PPRV than younger. However, this finding disagrees with other study [13, 34] where young animals are reported to have more sero-prevalence rate than older animals showing more susceptible than adults. Additionally, a mixed result showing less risk to 1-3 years old animals than \ 1 year old and more risk to [ 3 years old animals than \ 1 year old has also been reported [3] . The higher sero-prevalence among adults may be because long life time allowing more exposure to PPRV. On the other hand, passive immunity from dam to the sucklers might have influence on the result to some extent. However, poor nutritional status, parasitic diseases and stress conditions could be potential factors for higher sero-prevalence.
The strong association between the sero-prevalence of PPR and breeds observed in this study is also in accordance with the findings of other study [33, 34] . A study done by National Agriculture Research Station, Bandipur, Nepal has also reported Khapari (50% Khari and 50% Jamunapari) being more susceptible to PPR than Khari, the local breed of that area [23] . The higher prevalence observed in crossbreeds in this study may be due to the genetic variation and immune characteristics of animals with different degree of blood levels of pure breeds or may be due to relatively less sample size of other breeds.
PPR risk associated with geographical location of the site
The PPR prevalence varying with the geographical location of the site is also recorded in this study as reported by other researchers [33] . The higher sero-prevalence in Syangja district than in Kaski (statistically highly significant ***P \ 0.000) with an odd ratio 6.474 showing higher risk of PPR in Syangja by 6.474 times is further supported by report from governmental body [6] in which the prevalence of PPR was reported to be 75 and 100% in Kaski and Syangja in outbreak samples. The higher prevalence seen in Syangja district might be due to sampling method and sample size.
PPR has been an endemic disease within the country since its first identification in 1994 from Bara district of eastern terai [17] . Despite very few published studies of this kind done within the country, this is the first study conducted in these districts that represent pre-dominant part of Nepal. These two adjoining districts are located at the center of political map of country extending from mid hills to the base of mountains. Not merely they represent most densely populated land of goat husbandry also exhibit typical climate and landscape features of entire Nation. Thus, the finding of this study is expected to portray overall status of natural infection and associated risk factors of PPR disease among goat population of whole country. Moreover, findings of this study will be helpful to future investigators interested at challenges of goat farming across the country. The key importance of these findings will be at effective implementation of control and prevention strategies to forestall outbreak situation and minimize loss. As this study unveils some of the important determinants and risk factors associated with PPR, government bodies, NGOs, INGOs and private parties involved directly or indirectly to goat production in these areas as well as across the country take advantage of it. Basically, it helps all stakeholders to be aware of imminent outbreak situation allowing them to become well prepared for impact mitigation.
To sum up it is important to note that PPR is rampant among goat population of central part of Nepal. It may negatively affect entire national small ruminant production practices if preventive strategies are not executed well ahead of time. This study provides important insights on endemic nature of PPR disease in the locality showing obvious association with some of the host factors i.e. age, sex and breed, and geographical location. Therefore, any suspected cases from these areas is strongly suggested to report to concerned authority as soon as possible because it may be an indicator case foreboding imminent outbreak situation. Further studies covering entire nation to determine sero-prevalence and titer level of PPR antibodies are strongly warranted which form the essential part of formulation of control and eradication strategies of PPR.
